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The visual system commonly has to estimate the relative location of a textured region but the 
stimulus features used to perform that task are yet to be determined. The use of centroid, midpoint 
and peak activity cues would all be reasonable. In the current experiment an attempt was made to 
assess the relative efficacy of these three cues. The observers were required to indicate whether a 
cloud of either 3, 10 or 100 elements was located to the left or right of an imaginary line formed 
between two reference elements, Performance was compared to that expected from the use of the 
three cues. It was concluded that the cue used varied as the characteristics of the cloud changed and 
therefore that the visual system is not restricted to the use of a single cue type when Iocaliziug object 
clusters. Copyright ©1996 Elsevier Science Ltd. 
Spatial localization Position 
INTRODUCTION 
Localization of features is a fundamental visual task. 
Considerable progress has been made in describing 
human performance in relative position judgements of 
solid features (for a review see Westheimer, 1979, 1981; 
Burbeck, 1992). A more recent focus has been on the 
ability to localize features that are defined by multiple 
elements. Meer and Zeevi (1986) demonstrated that 
vernier acuity is little affected when the lines comprising 
the target are made up of relatively dense dot clusters 
rather than solid features. They argued that the lines were 
assigned positions equivalent to the centroid of the dot 
clusters. The centroid of the luminance distribution is 
also thought to be the significant parameter for localizing 
solid features (e.g. Westheimer & McKee, 1977; Watt & 
Morgan, 1984), although the proximity of adjacent 
features influences apparent position (Badcock & 
Westheimer, 1985a,b; Rivest & Cavanagh, 1992; East- 
man & Hock, 1993; Burbeck & Hadden, 1993; Hess & 
Badcock, 1995). 
Morgan and Glennerster (1991) employed a task in 
which observers were required to compare the separation 
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of two circular regions to the separation of a pair of 
reference dots. The circular regions were filled with a 
random distribution of non-overlapping square lements. 
The number of elements and the radius of the circular 
regions were varied. Morgan and Glennerster's (1991) 
data were consistent with the efficient use of the centroids 
of the dot clusters as the location token for each region 
(see also Hirsch & Mjolsness, 1992). However, Hess and 
Holliday (1992) have shown that localization of Gabors is 
well modelled by assuming that the location that evokes 
the peak activity in a noisy internal representation acts as 
the location token for the cluster. More recently, Hess et 
al. (1994) have shown that observers may localize 
clusters using the midpoint of the cluster as well as the 
centroid; the midpoint being defined as that location 
halfway between the centres of the outermost elements 
on the axis lying on the direction of misaligument. 
A problem with all of these studies is that they 
employed cluster elements of equal contrast magnitude 
and thus the centroid position and the midpoint of the 
cloud will be highly correlated. Morgan and Glennerster 
(1991) ran a condition in which half of the elements had 
the opposite contrast sign, but this manipulation cannot 
systematically alter the relative location of these two 
estimated parameters. The present study varies the 
contrast of the elements within a cloud in order to 
dissociate between the use of centroid, midpoint and peak 
contrast cues. The results uggest that all three cues may 
be used by the visual system, depending on the particular 
configuration of the element cluster. 
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METHOD 
Apparatus 
The stimuli were displayed on a Nanao Flexscan 6500 
21 in. monochrome monitor (P4 phosphor). They were 
generated on an IBM compatible PC (80386) and were 
presented using the framestore section of a Cambridge 
Research systems VSG2/2 graphics card. The card 
provided a spatial resolution of 1024 × 768 pixels, a 
gamma corrected grey scale resolution of 12 bits (but 
only 8 bits of image specification i the framestore) and a 
screen refresh rate of 70 Hz. 
At the viewing distance of 50 cm the pixels were 
square and 0.04 deg a side. This yields a screen size of 
40.96 x 30.72 deg. The screen mean luminance was 
40 cd/m 2 and testing was conducted in a dark room. 
Stimuli 
The stimuli were composed of three circular regions. 
The upper and lower regions provided a positional 
reference and were single Gaussian blobs. The central 
region was larger in diameter and was composed of a 
varying number of randomly positioned (but non-over- 
lapping) smaller elements. These elements were Gaus- 
sian blobs and can be described by the following equation 
(x2  y2"~ C 
L(x,y)=e ~2~ >-~J x 127x~+127 (1) 
where L(x,y) represents the framestore ntry for a 
particular x, y pixel location. C determines the contrast 
(127 is the mean value which limits the maximum 
deviation to 127 in the 8-bit framestore). The spatial 
extent of the Gaussian envelope is determined by a in the 
x and y directions independently (although both values 
were identical in the current study). 
The reference lements were Gaussian blobs drawn in 
a 20 x 20 pixel area (0.8 × 0.8 deg); a was 0.16 deg. 
Their centres were separated by 10 deg. The vertical 
position of the centre of the region containing the central 
cloud of gabors was equidistant from the two reference 
elements. The horizontal position was varied in order to 
estimate the sensitivity to positional offsets. The contrast 
of the reference lements was set at 8.7 dB above their 
threshold. 
The central cloud was defined by 3, 10 or 100 elements 
that were randomly located within a 3 deg circular area. 
The only constraints on their location were that they must 
fall entirely within the circular area and that they must be 
non-overlapping. The Gaussians were drawn in a 
5 x 5 pixel area (0.2 x 0.2 deg); a was 0.06 deg. The 
contrast of the elements was determined by their location 
within the circular area. A Gaussian function was 
employed which set the contrast of the elements to the 
previously measured contrast hreshold if the elements 
fell on the circumference of the circle, and increased 
contrast to a maximum of 8.7 dB above threshold if they 
fell in the centre of the circle. The elements of the cloud 
were then repositioned (retaining their assigned contrast 
value). This scatter was achieved by selecting a new x, y 
position from a uniform distribution the range of which 
could be either 0, 0.2, 0.4, 0.76, 1.48 or 3 deg. Once again 
the positions were constrained to be non-overlapping 
(i.e., to fall within a 5 x 5 pixel box) and to fall within 
the 3 deg circular area. Requiring elements to stay inside 
the 3 deg area does mean that the distribution of new 
positions cannot come from a uniform distribution. This 
is particularly significant when large scatter anges are 
employed, but since the aim of using scatter was simply 
to ensure that the contrast of the elements actually 
presented, was not systematically related to the location 
in the cloud, this limitation is unlikely to be critical here. 
Figure 1 provides an example of the screen appearance 
with a 10-element cloud. 
The stimulus presentation consisted of a 500 msec 
display of the reference and cloud cluster, followed by a 
tone to indicate that the presentation was complete. The 
horizontal position of the stimulus cluster was randomly 
varied in horizontal position over a 2 deg range between 
presentations to minimize the usefulness of cues due to 
the proximity of the edge of the screen. The central cloud 
of elements was also varied in location relative to the 
reference elements and the observer's task was to 
indicate the direction of this horizontal offset by pressing 
the appropriate button on a computer mouse. The next 
trial followed immediately after the button press. No 
feedback on performance was given during a block of 
trials. 
The cloud was not positioned relative to the centre of 
the circular region but instead relative to the weighted 
centroid of the particular element distribution. Hess et al. 
(1994) have argued that two parameters of a cloud may 
be important for localization; the centroid and the 
midpoint. Performance will be assessed against each of 
these below but only one can be used to position the cloud 
at a time (since the two are usually in different locations). 
We made a further modification to take into account he 
variation in contrast of the elements in the cloud. Our 
assumption was that the contribution to the centroid 
calculation made by each element would depend on the 
salience of that element. Therefore, prior to calculating 
the centroid we determined a weight for each element. 
Instead of simply using the element contrast to do this we 
estimated the visual system's response to an element of 
that contrast using the transducer function of Legge and 
Foley (1980). Thus the Weight was given by 
45[c124 
W = icl2 + 0.000056 (2) 
where c is stimulus contrast. The details of this procedure 
for calculating the weight are unlikely to be critical for 
the current experiment since very similar expectations are 
generated by using identical weights for all elements 
when calculating the centroid. 
Procedure 
Data were collected using the Method of Constant 
Stimuli. Ten clouds of elements were generated for each 
experimental run and each cloud was presented at 11 
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FIGURE 1. An example of the stimulus configuration. The two outer elements are the reference Gaussians. The observer's task 
is to indicate whether the central cloud of 10 elements i offset o the right or left of an imaginary line connecting the centres of 
the reference lements. The position of the elements in the cloud varied randomly from trial to trial, as described in the text. 
different horizontal positions (relative to the reference 
elements). The observer's task was to indicate whether 
the cloud was presented to the left or the right of an 
imaginary line joining the centres of the two reference 
elements. The 110 responses per run formed a psycho- 
metric function relating offset o the number of "offset o 
the right" responses (one cloud position was aligned, the 
others were +l ,  2, 3, 4 or 5 steps from alignment; the 
"step" size was varied to obtain a full psychometric 
function in each condition). Each condition was run three 
times O0 trials per offset) before generating a threshold 
estimate and four threshold estimates are combined in 
each condition in order to provide estimates of both the 
threshold for detecting offsets and the variability of that 
threshold. 
The threshold estimate was derived by fitting the data 
to a cumulative Gaussian function of the following form 
f(x) =N(0 .5  +0.5 x erf (X.--~.~ × (3) 
where/z is the estimated point of subjective alignment, a
is the estimated standard eviation of the fitted Gaussian 
(and our threshold estimate), N is the number of trials at 
each position (each trial has a different random cloud) 
and X is the position of the weighted centroid of the 
cloud. 
Observers viewed the screen binocularly from a 
distance of 50 can with their head restrained by a chin 
rest. The task was self-paced and only one condition 
(combination of element number and scatter ange) was 
presented at a time. The order of measurement of the 
various conditions was randomly determined with the 
constraint hat all conditions must be presented before 
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one was repeated. The testing was conducted over several 
days and rest breaks were taken as needed. 
Observers 
Two observers participated in the data collection. Both 
are authors and both had normal (KD) or corrected-to- 
normal (DRB) Snellen acuity. KD was naive with respect 
to the experimental aims and had not observed in a 
psychophysical experiment before commencing this 
research. He was given practice to ensure that his 
performance was stable before commencing data collec- 
tion. The main results were confirmed using observer 
DRB. 
RESULTS 
Performance was measured for clouds of 3, 10 and 100 
elements. The mean of four estimates of threshold (+1 
SEM) is plotted for each combination of cloud size and 
element scatter-range in Fig. 2. Data for both KD (solid 
symbols) and DRB (open symbols) are presented. Two 
aspects of the results are of interest. The first is that 
performance improves as the number of elements 
defining the cloud increases (squares, 3 elements; 
triangles, 10 elements; circles, 100 elements) and the 
second is that even a substantial mount of scatter of the 
elements has minimal effect on the performance. The 
scatter in this context means that instead of contrast 
varying as a Gaussian function of location in the cloud, it 
varies randomly. The extent of deviation from a Gaussian 
variation of contrast with location is larger for the bigger 
scatter anges. 
DISCUSSION 
The aim of this research was to try to deduce the 
characteristics of a cloud of elements that might be used 
to localize it, relative to a pair of reference features. The 
clouds presented in this study were centred on their 
weighted centroids and performance was scored with 
respect to the agreement between the observer's response 
and the direction of offset between the centroid and an 
imaginary line joining the centres of the two reference 
elements. If observers were always using the weighted 
centroid to perform the task, then thresholds might have 
been expected to be constant across all conditions 
(assuming the centroid was calculated equally efficiently 
for  all clouds). This was not the result obtained. 
Performance was dependent on the number of elements 
in the cloud; improving as element number increased. 
The improvement may be due to changes in the efficiency 
with which the centroid is calculated (Morgan & 
Glennerster, 1991) but a more likely alternative arises 
from the recent work of Hess et al. (1994). Hess et al. 
suggested that both the centroid and the midpoint of the 
cloud may be used to perform this localization task. Thus 
the change in performance may have been due to 
switching between the cue used to make the decisions. 
In order to assess this possibility we have run a simulation 
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FIGURE 2. Threshold offset-direction-detection is plotted as a 
function of the range of scatter of the elements in the cloud after 
their contrast had been determined. Data is plotted for two observers 
(solid symbols, KD; open symbols, DRB). The data for clouds 
composed ofdifferent numbers of elements are plotted separately (3 
elements, squares; 10 elements, triangles: 100 elements, circles). 
to predict the performance that would be expected if 
different cues were being used in the current experiment. 
Three different cues were assessed. The first two were 
the centroid and the mid-point as mentioned above. The 
third was the location of the element with the maximum 
contrast, since when using Gabors (and assuming 
significant amounts of internal noise), Hess and Holliday 
(1992) had found that the location of peak activity 
provided the basis for a reasonable stimate of human 
performance. The current clouds with elements that vary 
in contrast, allow much greater dissociation between the 
location of the peak contrast and the centroid and mid- 
point parameters. 
The predictions were generated in the following 
manner. Initially we assumed that there was only one 
internal function relating the degree of offset of the 
cloud's position to the internal response magnitude. Our 
best estimate of that function is the condition with the 
lowest hreshold and we used the estimated psychometric 
function from the 100 element condition with no scatter. 
To generate the predicted performance for the other 
conditions, the experimental programme was rerun but 
instead of asking the observer to press a button to indicate 
the direction of offset, a response was generated using the 
assumed psychometric function. This determined the 
probability of responding "offset to the right" and then a 
number was generated using a random number generator 
with a uniform distribution between 0 and 1 (Press, et al., 
1988: algorithm ran1). If that number was equal to or less 
than the probability of responding "offset to the right", 
then an offset to the right response was recorded. In this 
manner 1000 trials were conducted for each condition 
and a psychometric function was accumulated. 
To make predictions for other cues the degree of offset 
was calculated for that cue. That is the difference 
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FIGURE 3. KD's threshold ata are replotted from Fig. 2 along with 
the performance predicted by the simulation described in the text. 
Performance was predicted for three potential cues that could be 
extracted from the cloud of central elements (centroid, solid line; 
midpoint, dotted line; peak, dot-dashed line). (A) Data for the 3 
element cloud; (B) data for the 10 element cloud; (C) data for the 100 
element cloud. 
between the centroid's location and either the mid-point's 
or the peak's location was used to correct he position of 
the cloud before determining the likelihood of a 
particular type of response. In this way we were able to 
generate psychometric functions for all conditions that 
were based on the use of either peak, mid-point or 
centroid cues. Since these predictions were based on the 
observer's estimated psychometric function, perfor- 
mance can be directly compared to that predicted from 
the use of the cues. 
Figure 3 presents the outcome of these simulations. 
The data for observer KD is replotted in each panel (O) 
and the thresholds predicted from the use of the peak 
(dot-dashed lines), midpoint (dotted lines) or the centroid 
(solid lines) are plotted for comparison. Each panel 
represents performance for clouds constructed from a 
particular number of elements [(A) 3; (B) 10; (C) 100]. 
When the predictions are plotted in this manner it is 
clear that the use of the different cues would generate 
different patterns of results. Use of the centroid cue 
predicts uniform thresholds across all conditions. This is 
as expected since the clouds were centred on their 
centroid; any variation in threshold is due to the 
probabilistic nature of the prediction generating process. 
Use of the midpoint cue predicts imilar performance 
to the centroid cue when the element number is 100, but 
poorer performance when the element number is smaller. 
Scatter of the elements has minimal impact on this cue, 
since only the location of the outermost elements was 
important in determining the location; their contrast was 
not a factor. 
The final cue was the location of the element with the 
peak contrast. The predicted performance is poorer when 
using the peak and is also much more dependent on the 
scatter range used to relocate the elements. The effect of 
scatter ange is greatest with the largest number of 
elements in the cloud. The reason for this is straightfor- 
ward. When small numbers of elements are employed, 
the likelihood that the peak contrast is near the centre of 
the cloud is very small (before scattering) but with large 
element numbers the reverse is true. Thus with small 
element numbers, performance predicted by using the 
peak is poor even with no scatter (note that this is the 
performance predicted if one were using the peak when 
the clouds were instead centred on their centroid and 
scored according to the offset of the centroid from 
alignment). 
The performance of observer KD shows that the cue 
employed epends on the characteristics of the cloud. 
When only 3 elements are present his performance 
corresponds to that predicted from the use of the peak 
cue, with 10 elements his performance is closer to that 
predicted by the use of the midpoint and with 100 
elements performance is closest o that predicted by the 
centroid cue. However, in the latter case the midpoint cue 
makes very similar predictions and it would be unwise to 
reject it as a possible cue. It is quite possible that which 
cue was used depended on the particular configuration of
the cloud as suggested by Hess et al. (1994). 
This switching between cues seems also to have 
occurred with the 10 element clouds, where performance 
falls midway between that predicted by the midpoint cue 
and that predicted by the peak cue. The reason for this 
switching seems to be due to the variation in the contrast 
of the elements. While all elements were at threshold, or 
above, observers reported that clouds in which all 
elements were roughly equal in contrast were treated 
differently to those in which a small number of the 
elements were much higher contrast than the others. In 
the latter clouds the high contrast elements seemed to be 
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given extra weight in determining the offset. If  that were 
the case then responses would be biased towards the 
peak-predict ion for those clouds. 
This difference between cloud types is more pro- 
nounced with the 3 element clouds. In this case, one 
element quite frequently had a much higher contrast han 
the other two. If under those circumstances that element 
was given greater weight, then performance should 
correspond quite closely to that predicted by use of the 
peak cue, as it does. If this analysis is adequate then 
performance should change in the 3 element case if the 
three elements all had high contrast. KD was retested 
using clouds composed of three randomly located 
elements, each with a contrast 8.7 dB above threshold 
and with no subsequent scatter. His performance 
improved to 17.52 (+2.6)  from 67.42 (±6,2)  min arc. 
The performance predicted by use of the midpoint cue 
was 18.6 min arc which is within 1 SEM. The centroid 
cue predicted 12.37 min arc which is more than 2 SEMs 
lower than the value obtained. Thus the change is 
compatible with using the midpoint cue when all of the 
small number of elements had the same contrast. 
In summary, the data show that observers may use a 
variety of cues to localize clouds of elements. Not all 
cues are equally effective but it is l ikely that the 
particular characteristics of the cloud to be localized 
lead to the selection of one cue over another. The 
selection of cue does not seem to be a process requiring 
active thought on the part of the observer, since if it was 
possible to select any of these cues (peak, midpoint or 
centroid) the centroid would always be the most accurate 
(in the current experiment). Observer DRB, who knew 
this before commencing observing, produced virtually 
identical results to KD. This may imply that cue selection 
is relatively automatic. 
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